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4AIR DIFFUSION IN Tffi ACTIVATED-SLUDGE PROCESS 
OF SEWAGE TREATMENT
HISTORICAL
Within the three years that have elapsed since its 
discovery the activated-sludge process of sewage disposal has 
taken a conspicuous place among methods of treating sewage, and, 
meanwhile, the capabilities, adaptations and limitations of 
the process have been the objects of a surprisingly Large 
amount of research and investigation. The fundamental principle 
underlying the method is the oxidation of the organio consti­
tuents of sewage through the agency of the bacterial content of 
activated sludge under conditions that are maintained through 
forced aeration. Aeration being the essential function in­
volved, an efficient means of introducing the air into the
sewage has been from the start a primary consideration. In
5
the original experiments, conducted by Ardern and Lockett 
on a laboratory scale at Manchester, England, air was introduced 
into the sewage in bottLes through small glass tubes or was 
drawn through by means of an ordinary filter pump. The rela­
tively Large bubbLes delivered by these methods at once made 
it appear possible that some sort of air diffuser to break up 
the air stream into smaLL bubbLes might be productive of
5increased efficiency and thus he an important factor in reducing 
the cost of the process. Air entering the sewage in the form 
of finely divided spray wouLd tend theoretically to aLlow 
maximum aeration and to produce a uniform agitation of the 
Liquid with a consequent thorough admixture of the sludge with 
the untreated sewage.
In the first continuous-system experiments, which
5were also conducted at Manchester hy Ardern and Lockett, a 35-
gallon, rectangular, wooden aeration tank was employed in which
aeration was effected through a series of perforated pipes
placed at 4-inch intervals and fixed at a depth of 12 inches
he Low the surface. Another perforated pipe was placed at the
inlet end along the center of the bottom of the tank to insure
complete admixture of the contents. During the progress of
the above experiments the investigators noticed the efficient
distribution of air produced by means of porous tiles that were
14, 16,26being used by Fowler and Mumford in connection with other work 
on the clarification of sewage by means of a specific organism. 
This type of aeration was used, accordingly, by Ardern and 
Lockett in subsequent experiments where aeration was effected 
in a 50-gallon wooden cask by diffusing the air through a porous 
tile placed on the bottom of the cask. The investigators 
reported that a comparison of their results with those obtained 
with pipe diffusers showed advantages in favor of the porous 
tiles. The "rate of oxygenation" of raw sewage in terms of
6dissoIved-oxygen content over intervals varying from 5 to 90 
minutes showed increased aeration caused by the tile diffusers. 
This was demonstrated in three sets of experiments, using 
(1) an excessive amount of air on a strong sewage, (2) an 
average amount of air on a dilute sewage, and (3) a minimum 
amount of air on a dilute sewage. Ardern and Lockett state that 
the outstanding feature of their results was that by employing 
diffused air the necessity for intermediate aeration and conse­
quent manipulation of sludge was entirely obviated, and at the 
same time much better effluents were obtained than when the 
pipes were used with the same aeration periods.
In commenting on the above results, B. 0. 77ynne-
34Boberts stated his belief that in order for the best results 
to be achieved it is essential that the air blown through the 
sewage be so diffused or atomized as to allow the sewage to 
dissolve a maximum amount of atmospheric oxygen. The larger the 
bubbles of air the more rapidly they rise through the liquid and 
the less surface they offer foi* the oxidation. Fine bubbles 
remain longer in the liquid and allow the oxygen to be more 
effectively imparted to the sewage.
At the time the Manchester experiments were being
carried on, the adjacent city of Salford had tanks already
10 25fitted with pipes so experiments * were carried out there on a 
larger scale. Half of a section of a roughing filter, having a 
capacity of 12,000 gallons,was converted into an aeration tank
7with air pipes running crosswise of the tank carrying about 
2,500 air outlets or jets one-eighth inch in diameter placed 
8 inches apart on the top and sides of the pipe. Effluents
were secured that were well within the local requirements.
15Professor Eowler , the originator of the activated- 
sludge process .described in 1915 an aeration device originated 
by Jones and Atwood of Stourbridge, England, which consisted of 
a series of nozzles, one in each square yard of an aeration 
tank. The general circulation of the tank contents was very 
satisfactory when this diffuser was used but deposits of sludge 
took place around each nozzle so that porous tiles were later 
substituted for the nozzles.
In the development of the activated-sludge 
process in this country many varieties of diffusers have been 
experimented with under all sorts of conditions and under 
different methods of installation. Much has been written and 
various opinions expressed regarding kinds of diffusers and, 
accordingly, it does not seem desirable at this time to discuss 
in any detail the literature that is available. An appended 
bibliography giving references to articles on the subject has 
been made as nearly complete as possible. In order to call 
attention to the diversity of opinion regarding air diffusers 
that exists among the foremost workers in this field it seems 
worth while to present briefly the views expressed almost 
contemporaneously by several engineers who are regarded as
8pioneer workers and experts in this field.
Mr. George T. Hammond ^ i n  April, 1916 stated 
after visiting five working-scale plants that air distribution 
troubles had been pretty general and that porous discs or 
plates of porous material had practically always given trouble. 
He reported that at Brooklyn, Hew York, pipe grids were more 
satisfactory than porous diffusers and that a grid which had 
given service in a deep tank for two and one-half years was 
still in good order and scarcely needed cleaning. The distribu­
tion of air on the surface of the tank in which this grid was 
used is reported by Mr. Hammond to be more even and to show 
less local ebullition than on any tank he had visited where 
porous diffusers were used. He admits that in laboratory work 
a higher efficiency may be gained by securing very fine bubbles 
and says there may be a "critical" sized bubble giving maximum 
efficiency but it is his opinion that under actual working 
conditions the difference between "critical" bubbles and 
ordinary ones does not give sufficient advantage to overweigh 
the danger of clogging the porous sir distributors. For 
practical use over a long period the perforated-pipe grid is 
as good as the porous plate and will give the plant a better 
average effluent. With the grid the air supply is subject to 
very small variation in quantity; but with porous plates
great variation may be caused by dogging. According to 
19Hammond, the ideal diffuser should give easily controlled
9flow and volume of air which is equally diffused to all portions 
of the tank, with bubbles of the "critical" size formed at the 
points of entrance. It should not tend to become clogged or 
at least should not tend to unequal clogging. It either should 
be readily cleaned in place without emptying the tank, or it 
should be easily removable for replacement and for cleaning.
It should show the minimum deterioration in service, and its 
cost should be reasonable. Perforated-pipe grids have given 
good service when designed on correct principles, and have shown 
but little tendency to become clogged. Mr. Hammond states 
that a grid should be designed to be drained, should be con­
nected with city water pressure for flushing, should have steam 
connections for grease removal, and should have no dead ends.
The grid should have a surrounding pipe connecting the outer 
ends of the cross pipes, and the air should be supplied through 
a cross pipe placed at right angles to the grid pipes. The 
bottom of the tank should be designed with shallow valleys with 
sharp slopes, in the lowest part of which the grid pipes are 
placed so that no sludge can settle below the air apertures. 
Hammond's belief is that porous material answers only one of 
his above-mentioned requirements of an ideal diffuser—  that of 
giving a very small air bubble. Pine bubbles require greater 
air pressure for their distribution and increase the danger 
of clogging. Although the finer bubbles give greater 
efficiency the cost for the air is also increased.
10
T. Chalkley Hatton , in discussing the first 
laboratory experiments that were carried out at Milwaukee, 
said in February, 1916 that their early experiments had brought 
out two very interesting points. With a very low rate of air 
almost any degree of nitrification could be obtained if 
aeration was continued for a sufficient length of time. There 
appeared to be little difference in the character of effluent 
obtained per volume of air whether the diffusion was through 
open ,1ets or Filtro3 plates. When discussing later experiments 
in which monel metal cloth, Kisselguhr, and similar materials 
were used in addition to the above distributors, he gave as 
his opinion that as yet the best method of diffusing the air 
had not been determined. He formulated several objections to 
the open jet. While it reduces loss of air pressure it also 
cuts down efficiency owing to the size of bubble it produces.
In the fi11-and-draw process, at least, there is a tendency 
for the air feed pipes to clog with sludge that is drawn in 
when the air is shut off. Hatton found that an orifice 
0.001 inch in diameter would give bubbles one-thirty-second 
inch in diameter which is below what he terms the "critical” 
size. He calls the "critical diameter" of bubbles one-eighth 
inch because his experiments indicated that below this size the 
efficiency increases very rapidly while above this size the 
reverse is true. He believes it is very doubtful whether such 
small orifices could be kept free of solid matter carried along 
with the air. Filtros plates, if of uniform porosity, will give
22
11
the "best results. In the early experiments it was impossible 
to secure plates of uniform porosity hut more recently the 
manufacturers have been able to remedy this defect in large 
measure. In addition, much of the trouble experienced in the 
use of porous plates was the result of clogging of the inter­
stices of the plates with oil used in blowers of the internal 
lubricating type. Hatton gives three factors to be considered 
in choosing, a diffuser. fl) The efficiency varies with the 
fineness of the air bubbles. (2) Greater density of the medium 
increases the frictional losses and hence the cost. (3) If 
sludge is absorbed or retained or is allowed to reach the 
underneath surface it reduces efficiency not only by clogging
but also because it tends to allow sludge to settle on the
21surface of the diffuser. Hatton recently reports that 
Filtros plates are a satisfactory medium for air diffusion.
To maintain their efficiency they should be made carefully 
and of uniform porosity. They should be properly installed 
and all oil and dust should be excluded from the air passing 
through them.
Dr. Fowler, in a paper presented before the 
Institute of Sanitary Engineers in February, 1916, made the 
statement that his recent experiments established the fact that 
porous stone diffusers gave better results than nozzles. He 
stated that by the use of a porous tile a fine emulsion of 
water and air is produced, which, because of its lower specific 
gravity, rises rapidly to the surface carrying the activated
12
sludge with it and forms a vertical whirlpool. If the tank 
is properly designed and the area of the diffusers suitably 
apportioned, every particle of sewage is carried from the 
bottom to the top of the tank and down again, and the process 
continuously repeated. In this way the one essential condi­
tion for the success of the activated-sludge process is 
realized,- that no partiole of sludge is allowed to become 
stagnant and thus foul the effluent.
At Baltimore, tests were carried out by Mr.
23Calvin 7/. Hendrick early in 1916 preparatory to selecting 
a suitable porous diffuser for use with the continuous-flow 
process in their experimental plant. The tests w§re conducted 
in an iron cylinder to determine the necessary pressure and 
volume of air passed through various types of porous material 
such as carborundum, sand and cement, alundum,Filtros, and 
unglazed tile. Inside of the cylinder a disc of the material, 
3 inches by one inch,was clamped to a recessed flange ?/hich 
was connected to a compressed-air container. Mercury tubes 
and valves were arranged to measure the pressure and to 
regulate the volume of air. 7ater was put into the cylinder 
to cover the disc and the size of the air bubbles was observed 
through a plate-glass inspection window in the side of the 
cylinder. Pre-disc and post-disc pressures were maintained 
equal to those that would be used under working conditions and 
a record was kept of the pressures and the volumes of air 
passed through the discs. The cement and tile discs were
13
eliminated because they broke on being clamped into position. 
Although the Piltros plates required but a few inches of head 
to force air through them they were discarded because they gave 
too large bubbles. Carborundum and alundum discs gave bubbles 
of satisfactory diameter, the carborundum being more desirable 
because it is less expensive. It was necessary to exert greater 
pressure on carborundum than on Piltros, but the great advan­
tage of having very small bubbles was considered the more 
important factor in the choice of the diffusers. The installa­
tion adopted for the Imhoff tank experiments consisted, there­
fore, of 79 discs of To. 120 grit carborundum, 6 inches by 
one inch in size, attached to a series of pipes laid on the 
bottom of the tank. Air was supplied by a Hollingsworth 
blower, and filtered through graded gravel, in an attempt 
to remove any particles of dust or oil vapor. The first 
results were unsatisfactory and it was found necessary to 
agitate the sludge which settled underneath the pipe grid 
before a dlear and sparkling effluent could be obtained. Much 
trouble was experienced with the method of introducing air 
into the sewage. Oil passed over with the air and formed 
a film on the lower side of the discs which greatly increased 
the resistance and limited the amount of raw sewage that 
could be passed through the tank. It tiras believed that the 
installation of a Connersville blower would do away with
L4
troubles from lubrication. Apparently the discs were un-
18satisfactory for it was later reported by Prank that after
a period of use they showed evidences of disintegration.
In experiments conducted at Milwaukee tests
with porous diffusers showed great frictional loss 6f pressure
when air was passed through the wet plates so it seemed
desirable to reduce in some manner the thickness of the diffuser
medium. Wooden-block diffusers, which were only one-half inch
in thickness were tried, and in an article published in August,
1916, Mr. Hatton*' stated that after trying several types of
wood, fine basswood had been selected as being the most reliable
and giving the best diffusion with the least frictional loss.
£ 9He has stated in a very recently published report that wooden
blocks give smaller bubbles than Piltros plates at less loss
in pressure, but believes insufficient experiments have been
carried out to warrant their adoption for working-scale installa- 
19tions. Hammond helieves that the use of porous diffusers 
has grown largely from theoretical rather than practical 
reasons and that further experimental work is necessary.
INVESTIGATION
Statements made by authorities concerning the use 
of diffusers in the activated-sludge method of sewage disposal 
were so decidedly at variance that it seemed advisable to carry 
out experiments with different varieties of diffusers in service 
under identical conditions. Accordingly, in October, 1916,
15
plans we£e formulated for undertaking an investigation of 
this nature and the four reinforced-concrete sewage tanks used 
in former experiments and described in previous reports^ were 
remodeled and each fitted with a different air diffuser.
Air was obtained from the University compressed- 
air supply at 30 pounds pressure and was reduced to eight pounds 
by a reducing valve. It was further regulated on each tank by 
a gate valve and a needle valve, both hand operated, and 
placed between the meter and the tank. The air for each 
tank was measured by a gas meter. Pressure determinations were 
made with a eudiometer so that the compressed air could be 
calculated to free air, that is, air under atmospheric pressure.
The air enters the bottom of the tank under a 
pressure sufficient only to overcome the weight of the sewage. 
This is equivalent to about eight inches of mercury or a little 
less than four pounds per square inch. The air supply, how­
ever, was always sufficient to maintain complete admixture of 
sewage and sludge. A pet cock is provided on each tank to 
relieve the air pressure while the tank is being drained and 
to prevent air bubbles from rising and stirring up the sludge.
The Champaign city sewer was tapped where it 
passes underneath the coal hopper of the University power 
plant (see Figure 1). A 2-horsepower centrifugal pump with 
direct-connected motor delivers the sewage to the tanks.
Floating matter, grit and detritus were not removed by screening.
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The four tanks, designed to operate on the fill- 
and-draw system, are located in the basement of the University 
power house and were built for comparative studies on various 
phases of the activated-sludge problem. As was previously
A
reported, the room in which the tanks are located is not 
affected by heat from the boilers and furnishes conditions com­
parable to those obtained by housing a plant. By inside measure­
ment the tanks are each 3 feet 2 inches square and 8 feet deep 
to the top of hopper bottoms which are one foot in depth. These 
are described in detail later.
Each tank is equipped with an adjustable outlet 
made of 2-inch pipe connected together with three loose Joints. 
Each outlet was equipped with measuring chains so that at the 
end of the aeration periods the sludge could be allowed to 
settle and the outlet lowered to any desired depth for drawing 
off the effluent which, after sampling, was allowed to waste 
to the sewer.
It has been convenient to designate the four 
tanks as "A”, "B", nC", and "V" as in the earlier work with 
these tanks. The four diffusers used were perforated pipe, 
basswood blocks, Filtros plates of a fine degree of porosity, 
and Filtros plates of a comparatively coarse grade.
Tank A was fitted with a system of pipes as shown 
in Figures 1 and 8. The bottom of the tank is sloped from the 
center and the sides at an angle of about 45° thus forming 
two V-shaped channels of equal size one foot in depth running
L8
19
entirely across the tank. A one and one-half inch air pipe leads 
from the meter down the center of the wall inside of the tank 
and "branches through a tee near the top of the partition 
separating the channels - each "branch leading to a perforated 
pipe running the full length of the tank in the bottom of each 
channel. The perforated pipe is of iron, the perforations con­
sisting of holes one-twenty-fifth of an inch in diameter, 
placed two inches apart and staggered at an angle of 45° from 
the top of the pipe. Accordingly, there were about forty holes 
in the pipes or four to each square foot of surface area.
The bottom of tank B was hoppered from all four
sides and the concrete container shown in Figures 3 and 4 was
placed in the bottom of the hopper. Figure 5 gives another
view of the concrete container for the wooden-block diffusers
showing a few blocks in place, and Figure 6 shows it completely
filled. Figure 7 shows the concrete container and the wooden
form that was used in constructing it. The container was
designed after directions secured during a visit to the
Milwaukee plant and is patterned after one devised by Mr* Carl
21H. Horde 11 and used in the Horde 11 aerating tank at Milwaukee. 
The concrete container is a one-piece casting 2 feet 8 inches 
long, 1 foot 8 9/16 inches broad, and 5 inches thick with a 
receptacle 1 foot 3 9/16 inches by 2 feet 3 inches, the receptacle 
being three-fourths of an inch deep at the edge and 11/4 inch 
deep at the center. This receptacle has thirteen ridges running 
across it as shown in Figure 3. These ridges are one-half inch 
wide and one-fourth inch high. The wooden blocks rest upon
20
'
Figure 3.- Concrete container for
wooden blocks
21
Figure 4.- Concrete container for wooden
"blocks- end view
22
Figure 5.- Concrete container with a few hlooks
in place.
“ • - v
Figure 6.- Concrete container completely full 
of wooden hlooks.
25
used in constructing it
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the ridges, leaving a one-fourth inch space he Low for the air 
to circulate after it enters from the feed pipe which is cast 
in the center of the container. The center channel is one inch 
wide and one-half inch deep in order to permit free access of 
air to hoth ends of the container. The surface of the container 
was cast on a concave curve so that the tendency of the wooden 
blocks on swelling would be to wedge themselves more firmly 
into position.
The basswood blocks used in our experiments were 
very kindly furnished us by Mr. T. Chalkley Hatton. They were 
made one-half inch thick, 6 inches long, and 2 1/8 inches wide. 
It was planned to place the blocks in the container and not 
to cement them in any way, expecting the swelling of the blocks 
to be Just sufficient to hold them firmly in position. Several 
attempts to keep the blocks in place when wet resulted in 
failures. The difficulty at first experienced in keeping the 
blocks in position was chiefly because of the excessive swelling 
that resulted when the blocks were placed under water, for they 
became very soft and spongy and increased in size sufficient to 
cause them to pop out of the container. A measurement of some 
of the blocks that forced themselves free showed they had 
increased in length from 6 inches to practically 8 inches.
These blocks became so badly twisted and curved that it was 
impossible to make use of them again and a new set was secured.
26
It is possible that a large share of the difficulty resulted 
from the fact that the curvature of the receptacle for the 
blocks was insufficient.
The blocks as used were placed in the opposite 
direction across the container to that shown in Figure 6; that 
is, the rows of blocks were run the short way of the container, 
Strips of heavy galvanized iron one-half inch wide by 15 inches 
long and cut with the same curvature a3 the surface of the 
container were placed on edge between each row of blocks for 
reinforcement. After the blocks were in place an inch or two 
of water was run onto them, the air was turned on, and certain 
joints that required closing were calked with oakum.
Tanks C and D are identical in construction.
of
Each contains three Filtros plates covering one-third/the floor 
area of the tank and forming the bottom of a central trough 
with the sides sloping to the plates at an angle of 45®. Below 
the plates in each tank is an air space four inches deep.
Filtros plates, according to the manufacturers, 
the General Filtration Co. of Rochester, II. Y., are made from a 
pure crystalline silica mixed with a small amount of an artificial 
silicate and heated for a number of days at a gradually
increasing temperature up to 1,400°C. The porosity of the 
plates is regulated by grading the sand to any desired uniform 
fineness.
The plates used were 12 inches square and 1 1/2 
inches thick. They were furnished to us through the generosity 
of the manufacturers. The plates in tank C were marked "fine"
27
because on their basis of dry rating, these plates passed
5.8 cubic feet of air per minute per square foot under a water 
pressure of 2 inches. When saturated with water and passing 
2 cubic feet of air per minute they showed a resistance on a 
water gage of from 11.4 to 11.8 inches. Tank D was equipped 
with plates marked "coarse", which on the same basis passed 12 
cubic feet of air per minute per square foot. When passing 2 
cubic feet of air per minute these plates registered a resistance 
of from 8.8 to 9.6 inches of water pressure.
OPERATION OF THE TANKS
The tanks were operated during three periods of 
15, 20, and 55 days, respectively. The first series of 
experiments extended from January 17 to February 1, the second 
from March 1 to March 20, and the third from March 27 to May 1. 
Each of the four tanks was operated in three aeration periods 
daily of 270, 500, and 510 minutes with 2-hour allowances between 
each period for settling, emptying, and filling. The same amount 
of air as measured by ordinary gas meters was added to each tank. 
All conditions were maintained as nearly identical as possible.
Each tank has a capacity of 550 gallons above 
the point to which the outlets were lowered and this amount of
V
sewage was added at each filling. The sewage is pumped from 
the main sewer just outside of the city limits, and accordingly 
may be termed as fresh sewage. It is a fairly strong domestic
28
sewage with no trade wastes. Ho activated sludge was added to 
the tanks at the beginning of any of the series of tests.
Sewage samples were taken as the sewage was 
being pumped into the tanks. Samples of effluent were collected 
at the close of each aeration period after the sludge had been 
allowed to settle thirty minutes. All samples were brought 
directly to the laboratory and placed in a refrigerator until 
they were analyzed. Chloroform was used as a preservative. 
However, it was found that the stable effluents did not undergo 
change in composition and that the addition of the chloroform 
was unnecessary. The methods of analysis were in all cases 
those given in the 1917 edition of the Standard Methods for 
the Examination of tfater and Sewage of the American Public 
Health Association.
The analytical data secured in the experiments 
of Series I are presented in detail in Tables 10-21. Tables 
22-29 contain the results obtained in Series II and Tables 
30-43, those in Series III. Summaries of operating results on 
all runs are given in Tables 7, 8, and 9 for Series I, II, and 
III, respectively.
(Parts per million)
Series I
Table 1 .-SUMMARY OP RESULTS OBTAINED IN THE COMPARISON OP EFFICIENCY OP
METHODS OP AERATION MEASURED IN TERMS OP AMMONIA NITROGEN,
NITRATE AND NITRITE NITROGEN, AND OXYGEN CONSUMED.
PERIOD AMMONIA NITROGEN NITRATE AND NITRITE NITROGEN OXYGEN CONSUMED
1917 Sewage Effluents Sewage Effluents Sewage EffluentsJan. A B c D A B c D A B c D
17-19 31 22 20 21 .4 .2 .4 .6 81 50 54 4620-23 31 16 - - 20 21 .4 .0 . . . .0 .0 68 39 — — 36 3523-24 39 32 31 31 .1 .0 mm « — .0 .0 78 39 37 3125-28 30 30 — 34 34 .3 .0 — - .0 .0 93 34 32 2628-30 34 32 33 34 .1 .1 mm mm .6 .5 89 33 mmmrn 23 2331- 2 34 26 — 27 27 .2 .1 — .0 .0 80 30 — 18 19
Average 34 27 28 29 .2 .1 .2 .2 82 38 34 30Reduction 19# 16# 14# 53# - - 59# 63#
Results after Activated Sludge was formed.
Average 34 29 30 30 .1 .1 mt- mm .4 .4 85 31 rnmmm 20 21Reduction 13# — 10# 7# 63# — 75# 75#s
wto
(Parts per million)
Series I
-Table 2 #-SUMMARY OF RESULTS OBTAINED IN THE COMPARISON OF EFFICIENCY OF
METHODS OF AERATION MEASURED IN TERMS OF TURBIDITY
AND THE ACCUMULATION OF SLUDGE.
PERIOD TURBIDITY PER CENT1 SLUDGE
1917 Sewage Effluents EffluentsJan. A B c D A B C D
17-19 395 96 133 112 6 5 520-23 263 83 —— 35 41 10 —— 8 923-24 388 78 « . . . 50 42 17 - - 17 1725-28 383 90 87 81 22 23 2428-30 423 96 —— ,62 53 32 — — 27 2831- 2 360 100 —— 23 24 41 35 32
Average 375 90 67 59Reduction 75% —— 82% 85%
Results after Activated Sludge was formed.
Average 391 98 —— 42 38 41 35 32Reduction 76% — 88 9V?o
(Parts per million)
Series II
Table 3 .-SUMMARY OF RESULTS OBTAINED IN THE COMPARISON OF EFFICIENCY OF
METHODS OF AERATION MEASURED IN TERMS OF AMMONIA NITROGEN.
NITRATE AND NITRITE NITROGEN, AND OXYGEN CONSUMED.
PERIOD AMMONIA NITROGEN NITRATE AND NITRITE NITROGEN OXYGEN CONSUMED
1917 Sewage Effluents Sewage Effluents Sewage EffluentsMar. A B c D A B C D A B C D
1-7 36 23 26 24 25 .0 .6 .2 .3 .3 69 26 23 19 148-13 32 29 30 25 24 1.4 .3 1.2 1.3 1.2 76 32 21 18 2413-19 13 8 14 14 14 9.6 3.0 10.0 8.0 10.8 41 18 15 12 1319-20 15 15 14 13 12 4.8 1.4 9.2 8.0 12.8 43 17 10 9 9
Average 24 18 21 19 19 3.9 1.3 5.1 4.4 6.3 57 23 17 14 15Reduction 26 # 13# 21# 21# 60# 70# 75# 74#
Results after Activated Sludge was formed.
Average 14 11 14 13 13 6.6 2.2 9.6 8.0 11.8 42 17 12 10 11Reduction 21% 0# V/o 7 # 60# 71# 76# 74#
os
(Parts per million)
Series I I
Table 4 .-SUMMARY OP RESULTS OBTAINED IN THE COMPARISON OP EFFICIENCY OP
METHODS OP AERATION MEASURED IN TERMS OP TURBIDITY
AND THE ACCUMULATION OP SLUDGE.
PERIOD TURBIDITY PER CENT! SLUDGE
1917 Sewage Effluents EffluentsMar. A B C D A B C D
1-7 454 98 81 70 61 6 6 6 58-13 330 75 25 15 32 15 13 19 1813-19 170 15 8 6 6 19 17 25 2519-20 137 21 6 5 5 23 18 27 21
Average 273 52 30 24 26Reduction 81% 89% 91% 90%
Results after Activated Sludge was formed.
Ave rage 153 18 7 5 5 23 18 27 25Reduction 88% 95% 97% 97%
(Parts per million)
Table 5 .-SUMMARY OP RESULTS OBTAINED IN THE C OMPARISON OP EFFICIENCY OP
METHODS OP AERATION MEASURED IN TERMS OP AMMONIA NITROGEN,
NITRATE AND NITRITE NITROGEN, AND OXYGEN CONSUMED.
PERIOD AMMONIA NITROGEN
Series III
NITRATE AND NITRITE NITROGEN OXYGEN CONSUMED
1917 Sewage Effluents Sewage Effluents Sewage EffluentsMar. A B C D A B C D A B C D
27-ZApr.1 21 17 17 18 17 .9 1.2 4.0 3.9 3.9 58 26 19 20 221-6 17 17 16 16 16 4.7 3.9 4.7 6.1 6.3 ,46 21 18 15 146-12 16 11 9 8 9 5.1 4.9 4.5 5.9 7.2 50 26 24 19 2612-17 26 30 29 0 0 .3 .4 .3 6.8 10.2 55 32 26 25 1617-22 21 21 21 0 0 1.2 .3 .0 15.0 16.922-27 25 24 23 0 0 1.0 .2 .1 25.8 26.027-30 22 20 20 0 0 4.5 .3 .0 23.8 24.7
Average 21 20 19 6 6 2.5 1.7 1.9 12.6 13.6 52 21 2 2 20 19Reduction 5% 10% 71% 71% 60% 58% 68% 63%
Results after Activated Sludges was formed.
Average 24 24 23 0 0 1.7 .3 .1 17.8 19.4 55 32 26 25 16Reduction 0% 4% 100% 100% 41% 53% 54% 70%
oj03
Table 6 •-SUMMARY OF RESULTS OBTAINED IN THE COMPARISON OF EFFICIENCY OF
METHODS OF AERATION MEASURED IN TERMS OF TURBIDITY
AND THE ACCUMULATION OF SLUDGE.
(Parts per million) 
Series III
PERIOD TURBIDITY PER CENT SLUDGE
1917 Sewage Effluents EffluentsA B C D A B C D
Mar.27-Apr.1 282 48 39 46 46 9 8 8 7Apr. 1- " . . 6 317 9 6 6 6 14 14 12 12
I f 6- * 12 190 9 5 5 5 18 21 18 18
I f 12- " 17 248 7 5 5 5 26 29 25 28
I f 17- " 22 306 5 5 5 5 29 35 34 31
I f 22- " 27 309 5 5 5 5 38 37 44 39
I f 27- " 30 268 5 5 5 5 35 33 36 33
Average 274 13 10 11 11Reduction 95$ 96$ 96$ 96$
Results after Activated Sludge was formed.
AverageReduction 283 5 38 37 44 3998 $
Table 7 .-SUMMARY OP OPERATING DATA 
Series I
SEWAGE TANKSA B c D
Total sewage Treated - in gal. 18992 - 18992 18992
Total Air Used - in cu. ft. 33570 - 34140 34020
Average Air Rate - cu. ft. per gal. 1.8 - 1.8 1.8
Factor: Compressed Air to Free Air. 1.4 - 1.4 1.3
Average Free Air Rate - cu. ft. per gal. 2.5 — 2.5 2.3
Table 8 .-SUMMARY OP OPERATING DATA
Series II
S3WAGE TANKSA B C D
Total Sewage Treated - in gal. 16966 17373 17314 17474
Total Air Used - in cu. ft. 22000 23430 23780 23880
Average Air Rate - cu. ft. per gal. 1.3 1.3 1.4 1.4
Factor: Compressed Air to Free Air. 1.4 1.3 1.4 1.3
Average Free Air Rate - cu. ft. per gal. 1.8 1.7 1.9 1.8
Table 9 •-SUMMARY OF OPERATING DATA
Series III
SEWAGE TANKSA B 0 D
Total Sewage Treated - in gal. 29603 29603 29603 29603
Total Air Used - in ou. ft. 68360 69960 99300 74810
Average Air Rate - cu. ft. per gal. 2.3 2.4 3.3* 2.5
Factor: Compressed Air to Free Air. 1.4 1.3 1.4 1.3
Average Free Air Rate - ou. ft. per gal. 3.2 3.1 4.5* 3.2
* Air-rate figures on tank "C" are high due to a leak which developed in the air line* The actual amount of air supplied was about the same as on the other tanks.
DATE
1917 J s>n •
17
18
19
Average
Table lo .-COMPARISON OF EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS OF AMMONIA NITROGEN, OXYGEN CONSUMED, AND "NITRATE •AND NITRITE NITROGEN.(Parts per million)
Series I
AMMONIA NITROGEN NITRATE AND NITRITE NITROGEN OXYGEN CONSUMEDSewage
A
Effluents
B C D
Sewage
A
Effluents
B C D
Sewage
A
Effluents
B C D
22 19 — 20 20 .4 .0 —  .6 .6 84 79 —  78 8£.
30 16 — 16 16 .6 1.8 —  1.8 2.4 75 51 —  62 50
44 43 — 30 35 .6 .0 —  .0 .0 99 4 5 —  47 4i :
28 19 — 19 — .0 .0 —  .0 — 70 52 o—  68
23 20 — 19 19 .4 .0 —  .0 .2 87 50 —  52 45
45 19 — 19 19 .0 .0 —  .4 .4 93 42 —  35 28
20 16 — 14 20 .0 .0 —  .0 .0 97 32 —  35 28
31 22 mm mm 20 21 .4 .2 —  .4 .6 81 50 -- 54 46
WCD
Series I
Table 11 .-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS OF
TURBIDITY AND THE ACCUMULATION OF SLUDGE.
(Parts per million)
DATE TURBIDITY PER CENT SLUDGE
1917Jan. Sewage A
Effluents 
B C D A Effluents B C D
17 500 140 330 230 0 0 0
18 290 70 --- 140 80 0 - 0 0
750 100 90 90 3 - 3 3
X *' 280 80 -- 80 — 3 - 3 3
19 240 n o n o n o 3 - 3 3
550 95 100 80 4 - 5 3
350 80 80 80 4 - 4 5
Average
^ N
395 96 -- 133 112
05to
Table 12 .-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS OF AMMONIA NITROGEN. OXYGEN CONSUMED, AND NITRATE-- 
AND NITRITE NITROGEN.(Parts per million)
Series I
Date AMMONIA NITROGEN NITRATE AND NITRITE NITROGEN OXYGEN CONSUMED
1917Jan. Sewage A EffluentsB C D
Sewage
20 20 13 — 18 20 1.2
48 25 -- 27 35 .0
16 14 — 16 16 .0
21 38 15 — 19 20 .0
35 14 — 19 19 .3
20 16 — — 19; 1.6
22 30 14 — 24 20 .3
Average 31 16 « . . . 20 21 .1
A
EffluentsB C D
Sewage A EffluentsB C D
.0 — .0 .0 40 25 — 32 35
.0 — .0 .0 95 45 — 50 40
.0 — .0 .0 48 40 — 38 38
.0 — .0 .0 59 43 — 43 37
.0 — .0 .0 78 42 — 28 35
.3 — — .3 84 44 — 24
.0 — .0 .0 46 37 — 24 36
.0 .0 .0 68 39 36 35
(Parts per million)
Series I
Table 13.-C0MPARIS0N OF EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS OF
TURBIDITY AND THE ACCUMULATION OF SLUDGE.
DATE TURBIDITY PER CENT1 SLUDGE
1917 Sewage Effluents EffluentsJan. A B C D A B C D
20 200 60 70 55 8 - - 5 5
410 80 50 50 10 — 6 6
190 80 35 45 7 — 6 6
21 170 100 35 35 8 — 7 7
340 110 25 40 8 — 7 7
310 70 20 — 9 — 6 7
22 160 80 10 20 8 — 8 9
Average 263 83 35 41
Table 14 .-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS OF AMMONIA NITROGEN, OXYGEN CONSUMED, AND NITRATETU. AND NITRITE NITROGEN.(Parts per million)
Series I
DATE AMMONIA NITROGEN
1917 Sewage A EffluentsB C D
22 60 38 — 37 36
23 22 — 19 19
23 20 19 — 19 19
38 32 — 32 28
60 26 — 26 26
24 27 25 28 28
48 48 — 48 48
38 35 — 36 36
25 40 36 — 37 37
Average 39 32 mmmm 31 31
NITRATE AND NITRITE NITROGEN
Sewage Effluents
A B c D
3 .0 — .0 .0
0 .0 — .0 .0
0 .0 — .0 .0
0 .0 — .0 .0
■ 0 .0 — .0 .0
.0 .0 — .0 .0
.0 .0 — .0 .0
,4 .0 — .0 .0
,4 .0 — .0 .0
,1 .0 .0 .0
OXYGEN CONSUMED
Sewage A EffluentsB C D
97 38 36 36 31
98 37 — 35 33
53 30 — 31 21
89 44 — 36 31
71 39 — 28 24
55 36 — 29 29
103 52 — 45 37
74 37 — 36 33
66 39 — 53 39
78 39 37 31
8(Parts per million)
Series I
Table 15 .-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS OF
TURBIDITY AND THE ACCUMULATION OF SLUDGE.
DATE TURBIDITY PER CENT SLUDGE
1917 Sewage Effluents EffluentsJ an. A B C D A B c D
22 500 100 35 25 12 — 11 11
850 90 40 .50 11 mm mm 11 10
23 280 70 60 70 11 — 11 12
370 60 20 20 13 mm mm 12 12
300 70 5 10 19 — 10 13
24 240 50 50 13 13 — 13 14
400 80 80 60 14 — 15 15
350 100 70 40 17 — 17 17
200 80 90 70 14 — 14 14
Average 388 78 50 42
w
Table 16 1-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS OF AMMONIA NITROGEN, OXYGEN CONSUMED, AND NITRATE^- AND NITRITE NITROGEN.(Parts per million)
Series I
DATE AMMONIA NITROGEN NITRATE AND NITRITE NITROGEN OXYGEN CONSUMED
1917 , J on • Sewage A EffluentsB C D
Sewage
A Effluents B C D Sewage A EffluentsB O D
25 50 28 — 37 28 .4 .0 — .0 .0 112 38 — 29 37
— 26 — 27 29 — .0 — .0 .0 — 38 — 33 22
26 29 19 26 26 .4 .0 — .0 .0 55 32 — 42 27
39 38 — 38 38 .8 .0 — .0 .0 133 37 — 35 25
27 28 37 ~ 37 37 .4 .0 — .0 .0 103 39 — 34 46
32 35 — 42 48 .4 .0 — .0 .0 119 39 — 35 27
13 27 32 30 .0 .0 W0m* .0 .0 67 27 — 19 19
28 22 27 37 37 .0 .0 — .0 .0 61 22 — 26 22
Average 30 30 mmmm 34 34 .3 .0 — .0 .0 93 34 mm mm 32 28
(Parts per million)
Series I
Table 17 .-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS OF
TURBIDITY AND THE ACCUMULATION OF SLUDGE.
DATE TURBIDITY PER CENT SLUDGE
1917 Sewage Effluents EffluentsJan. A B c D A B C D
25 550 100 — 90 n o 17 — 17 16
— 140 — 50 40 21 — 19 19
26 300 120 — n o 80 18 — 17 18
600 70 — 80 80 22 — 23 24
27 270 110 — 140 140 20 — 19 20
380 60 — 100 70 20 — 17 16
240 60 — 50 50 19 — 19 18
28 340 50 90 80 19 — 19 19
Average 383 90 mm mm 87 81
Table 18 .-COMPARISON OF EFFICIENCY OF METHODS OF AERATION MEASURED INTERMS OF AMMONIA NITROGEN. OXYGEN CONSUMED. AND NITRATE AND NITRITE NITROGEN.
(Parts per million)
Series I
DATE AMMONIA NITROGEN NITRATE AND NITRITE NITROGEN OXYGEN CONSUMED
i 1917 Jan. Sewage A EffluentsB C D Sewage A EffluentsB C D Sewage A EffluentsB C D
28 47 37 — 47 47 .0 .0 — .0 .0 115 30 -- 28 23
36 37 — 37 37 .0 •0 — .0 .0 102 31 — 25 31
29 37 28 — 30 36 .0 .0 — .0 .0 70 43 — 32 39
50 38 — 39 45 .0 .0 — .0 ..0 95 33 — 26 22
22 28 — 32 36 .0 .0 — .0 .0 97 30 — 21 21
30 27 28 — 32 32 .0 .0 — .0 .0 73 22 — 17 18
40 37 — 37 37 .0 .0 — .0 1.2 115 43 — 23 21
26 29 mm mm 20 20 .2 .0 — 2.0 .8 93 42 — 17 17
31 24 24 mm mm 19 19 .4 .6 — 3.2 2.4 43 24 — 22 16
Average 34 32 — 33 34 .1 .1 «■»«» .6 .5 89 33 — 23 23
cr>
Series I
Table 19 .-COMPARISON OF EFFICIENCY OF METHODS OF AERATION MEASURED IN TEEMS OF
TURBIDITY AND THE ACCUMULATION OF SLUDGE.
(Parts per million)
DATE
1917
TURBIDI rtf-
Se wage Effluents
PER CENT SLUDGE 
EffluentsJan. A B C D A B c D
28 500 90 9- 90 50 24 — 22 22
520 80 — 70 70 23 — 22 22
29 200 90 — 90 80 24 — 22 22
55^ 100 — 80 60 25 — 22 22
480 70 — 60 60 25 — 23 24
30 400 70 — 60 70 25 — 23 22
650 130 — 55 50 30 — 26 27
300 130 — 15 15 28 — 23 23
31 210 100 «... 35 25 32 «. mm 27 28
423 96 62 58Arerage
DATE
Table 20 .-COMPARISON OP EFFICIENCY OP METHODS OP AERATION MEASURED INTERMS OP AMMONIA NITROGEN, OXYGEN CONSUMED, AND NITRATE AND NITRITE NITROGEN.
(Parts per million)
AMMONIA NITROGEN
Series I
NITRATE AND NITRITE NITROGEN OXYGEN CONSUMED
1917Jan. Sewage
1 c*
A
Effluents 
B C
i
D
Sewage
A
Effluents
B C D
Sewage
A
Effluents
B C D
31 45 36 32 28 .0 .0 — .0 .0 105 34 — 19 17
Peb.
28 28 mmmm 28 19 .2 .0 — .0 .0 58 28 — 16 18
1 30 so — 21 25 . 6 .4 mm mm .0 .0 60 35 — 35 27
55 32 — 27 37 .0 .0 .0 .0 119 30 — 12 12
13 15 — 28 27 .0 .0 — .0 .0 60 25 — 13 14
rerage 34 26 27 27 .2 .1 .0 .0 80 30 - - 18 19
CD
Table 21 .-COMPARISON OP EFFICIENCY OP METHODS OP AERATION MEASURED IN TERMS OP
TURBIDITY AND THE ACCUMULATION OP SLUDGE.
DATE1917 Sewage
(Parts per million) 
Series I
TURBIDITY Effluents PER CENT SLUDGE EffluentsI an. A B c D A B C D
31 700 110 — 30 40 31 —  24 28
290 120 -- 20 10 32 —  24 24
Peb. 210 60 — 5 20 41 —  35
32
1 390 110 — 20 20 36 —  29 20
210 100 40 30 35 —  31 20
100 23 24Average 360
Table 22 .-COMPARISON OF EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS OF AMMONIA NITROGEN, OXYGEN CONSUMED, AND NITRATE - • AND NITRITE NITROGEN.(Parts per million)
Series II
DATE AMMONIA NITROGEN NITRATE AND NITRITE NITROGEN OXYGEN CONSUMED
1917 Sewage Effluents Sewage Effluents Sewage EffluentsMar. A B C D A B C D A B C D
1 38 36 37 33 27 .0 .0 .0 .0 .0 78 53 48 53 2928 28 27 27 26 .0 .0 .0 .0 .0 65 33 30 24 222 28 18 18 18 18 .0 .0 .0 .0 .0 50 16 5 5 643 28 26 27 24 .0 1.2 .4 .4 .6 88 27 28 15 2625 18 17 14 16 .0 1.0 .4 .6 .6 63 18 13 12 83 37 .0 43 — — — —
A — 18 27 28 27 — .8 .4 .6 .4 — 16 22 14 12
5 60 27 43 38 38
mm mm- 
.0 1.2 .4 .4 .4 122 21 16 16 8
£ 20 18 18 18 28 .0 1.0 .4 .4 .4 112 25 18 16 12o7 — 18 18 16 19 — .0 .0 .4 .0 — 26 26 6 6
Average 35 23 26 24 25 .0 .6 .2 .3 .3 69 26 23 19 14
Olo
(Parts per million)
Series II
Table 23.-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS
OF TURBIDITY AND THE ACCUMULATION OF SLUDGE.
DATE TURBIDITY PER CENT SLUDGE
1917 Sewage Effluents EffluentsMar. A B C D A B C D
1 550 190 200 200 110 1 1 1 1500 130 140 80 90 2 2 2 22 380 70 .60 50 60 2 2 2 2800 40 45 45 50 3 3 3 3370 60 70 50 50 5 3 4 43 230 90 70 100 100 5zr 6 6 5C
4 — mm mm • mm —  —  w mm mm mm O5 o6 D6 O55 450 110 50 40 25 - — — -
f t
360 80 50 40 30 - - - -o7 — 110 35 25 35 6 mm 7 7
98 81 70 61Average 454
Table 24 .-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN 
TERMS OF AMMONIA NITROGEN. OXYGEN CONSUMED, * AND NITRATE"" * AND NITRITE NITROGEN.(Parts per million)
Series II
DATE AMMONIA NITROGEN NITRATE AND NITRITE NITrqGEN OXYGEN CONSUMED
1917 Sewage Effluents Sewage Effluents Sewage EffluentsMar. A B C D A B 0 D A B C D
8 76 54 70 38 27 .0 .0 .0 .0 .0 108 24 16 6 12
— — 37 36 28 33 .2 .0 .0 .0 .0 68 38 10 12 6020 20 19 19 19 .0 .0 .0 .0 .0 94 28 8 8 89 38 20 20 19 19 .0 .0 .0 .0 .0 60 6 10 12 12
27 27 28 25 22 .3 .0 .0 .0 .0 46 28 20 20 2310
. . . . 28 24 25 22 .0 .0 .0 .0 .0 - - 38 27 25 2211 27 31 27 27 29 .6 .6 .8 1.4 .0 42 38 30 20 2033 38 38 38 38 .6 .0 .0 .0 .0 75 38 34 29 3412 33 38 38 38 38 .0 .0 .0 .0 .0 53 41 32 28 4055 38 36 34 35 1.4 .0 .0 JO .0 125 38 27 22 2418 22 22 19 19 .0 .0 .0 .0 .0 82 38 22 25 2113 10 17 15 12 13 .0 .0 .0 .0 .0 125 33 24 15 2117 7 7 7 3 15.0 3.8 15. 15. 15. 40 25 15 12 13
Average 38 29 30 25 24 1.4 .3 1.2: 1.3 1.2 76 32 21 18 24
cnto
(Parts per million)
Series II
Table 25 .-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS
OF TURBIDITY AND THE ACCUMULATION OF SLUDGE
DATE TURBIDITY PER CENT SLUDGE
1917 Sewage Effluents EffluentsMar. A B C D A B C D
8 180 80 20 15 15 8 9 10400 90 25 20 190 8 9 10 5310 n o 25 10 15 7 10 11 99 190 100 20 15 15 10 10 13 13
250 n o 20 15 10 - 9 10 14 121U 100 25 10 15 9 10 14 13ii 210 90 25 10 10 11 12 16 17450 90 70 25 25 11 10 16 912 220 120 50 50 90 11 11 16 16520 25 15 10 10 12 12 17 18420 25 10 10 10 12 12 18 1313 700 20 10 5 5 13 13 19 17100 15 10 5 5 15 13 18 16
Average 330 75 25 15 32
c^  w
Table 26.-COMPARISON OF EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS OF AMMONIA NITROGEN, OXYGEN CONSUMED,, AND NITRATE -• . AND NITRITE NITROGEN.(Parts per million)
SERIES II
DATE AMMONIA NITROGEN NITRATE AND NITRITE NITROGEN OXYGEN CONSUMED
1917 Sewage Effluents Sewage Effluents Sewage EffluentsMar A B C D A B C D A B C D
13 3 2 5 9 13 22.0 .0 15.0 15.0 15.0 33 16 14 14 1514 5 0 3 4 6 16.0 10.8 18.0 14.8 19.2 22 19 19 10 1718 6 10 12 14 11.2 3.6 15.2 14.8 14.8 52 22 18 13 158 0 8 4 4 14.8 7.4 15.2 10.4 17.2 32 25 18 18 1315 8 0 8 10 8 15.2 15.2 10.8 10.0 14.8 39 18 20 22 2125 13 20 19 19 9.2 1.8 9,8 6.6 7.4 52 20 14 15 2312 9 13 13 13 412 .0 5.8 4.3 7.2 41 20 21 17 1816 13 6 13 13 13 5.8 2.7 7.4 7.4 7.4 30 27 23 18 1628 13 19 22 23 2.3 .0 5.0 4.3 5.0 62 15 12 8 712 12 12 12 12 4.5 .2 4.3 3.8 5.3 84 18 9 8 617 9 6 8 8 10 5.5 .0 5.3 4.8 5.6 23 12 10 4 818 19 22 20 21 5.0 .0 9.0 6.6 9.0 52 13 12 6 79 15 16 19 17 5.4 .0 8.6 5.6 10.0 35 14 7 7 718 13 12 16 19 15 11.0 .0 10.6 9.0 12.0 20 16 10 8 819 13 32 19 16 11.0 3.2 11.0 10.0 12.0 34 18 14 8 11
Average 13 8 14 14 14 9.5 3.0 10.0 8.0 10.8 41 18 15 12 13
01
Series II
Sable 27 .-COMPARISON OF EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS
OF TURBIDITY AND THE ACCUMULATION OF SLUDGE
(Parts per million)
DATE TURBIDITY PER CENT SLUDGE
1917 Sewage Effluent s EffluentsMar. A B C D A B C D
13 130 15 10 5 5 15 12 17 1614 80 10 10 5 5 15 12 17 16220 15 10 5 5 14 13 18 17140 15 10 5 5 13 13 18 1715 100 20 20 10 10 14 13 19 17250 20 10 10 10 15 14 20 17200 15 10 5 5 15 14 20 1816 100 15 5 5 5 15 15 20 18330 15 5 10 5 15 16 20 18280 10 5 5 5 16 15 24 1617 100 10 5 5 5 16 15 20 19180 15 5 5 5 16 16 21 19180 15 5 10 5 19 16 24 2018 100 15 5 5 5 19 17 23 21170 25 10 5 5 19 15 22 25
Average 170 15 8 6 6
Table28 .-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS OF AMMONIA NITROGEN. OXYGEN CONSUMED. AND NITRATE .AND NITRITE NITROGEN.
(Parts per million)
Series II
DATE AMMONIA NITROGEN NITRATE AND NITRITE NITROGEN OXYGEN CONSUMED
1917 Sewage Effluents Sewage Effluents Sewage EffluentsMar. A B C D A B C D A B C D
19 13 12 — 16 13 10.6 5.6 12.0 12.0 12.8 20 18 8 7 11
14 16 15 10 12 7.0 .0 7.0 4.6 — 83 15 7 7 7
18 18 14 16 — 1.5 .0 10.0 7.6 — 34 10 8 9 8
20 15 11 14 12 — o•o• 8.0 7.8 — 36 25 16 12 —
Average 15 14 14 13 12 4.8 1.4 9.2 8.0 12.8 43 17 10 9 9
cn
Series II
DATE TURBIDITY
1917 Sewage Effluents
Table 29.-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS
OF TURBIDITY AND THE ACCUMULATION OF SLUDGE.
(Parts per million)
PER CENT SLUDGE 
EffluentsMar. A B C D A B C D
19 100 20 10 5 5 17 18 22 21
170 20 5 5 5 17 17 23 21
180 25 5 5 - 19 19 25 —
20 100 20 5 5 23 18 27
21Average 137
1Table 30 .-COMPARISON OF EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS OF AMMONIA NITROGEN, OXYGEN CONSUMED, AND NITRATE AND NITRITE NITROGEN.(Parts per million)
Series III
DATE AMMONIA NITROGEN NITRATE AND NITRITE NITROGEN OXYGEN CONSUMED
1917 Sewage Effluents Sewage Effluents Sewage EffluentsMar. A B C D A B C D A B C D
87 15 13 14 18 17 .0 .0 .0 .0 .0 64 32 26 28 4028 25 11 11 11 12 .0 .0 5.6 5.4 3.8 43 22 15 13 2325 18 19 17 14 .0 3.2 4.0 4.2 4.4 75 24 14 17 2414 14 14 13 13 .0 3.0 4.2 4.4 4.0 60 24 18 18 2429 15 13 17 14 17 • 0 2.8 4.0 4.2 4.4 37 27 17 19 1823 19 15 20 20 .0 .6 3.8 7.6 4.6 85 28 22 15 1516 10 13 13 13 .6 .4 5.4 3.2 4.4 53 30 19 22 2030 14 11 14 14 14 4.6 2.6 5.7 4.8 5.6 41 24 17 15 2028 18 26 27 20 2.8 2.6 3.0 3.4 4.0 86 30 18 18 1517 16 16 17 16 .0 .0 3.0 3.6 3.2 63 23 18 20 1631 19 15 15 15 15 4.6 2.0 4.0 4.0 5.6 30 22 17 20 1330 27 27 27 27 1.0 .0 3.0 3.2 3.0 74 26 24 23 30Apr. 20 20 18 15 18 .0 .0 4.0 2.8 2.6 59 30 22 23 241 15 15 16 19 14 .0 .0 3.6 4.0 4.0 48 17 21 20 1939 35 27 28 27 .0 .5 7.0 4.4 5.4 57 35 23 22 25
Average 21 17 17 18 17 .9 1.2 4.0 3.9 3.9 58 26 19 20 22
Series III
Table 31.-COMPARISON OF EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS
OF TURBIDITY AND THE ACCUMULATION OF SLUDGE.
(Parts per million)
DATE TURBIDITY PER CENT SLUDGE
1917Mar. Sewage A Effluents B C D A Effluents B CC D
87 350 860 150 800 160 0 0 0 088 170 ao 60 60 70 1.0 1.0 1.0 1.0360 60 70 70 60 8.0 8.0 3.0 8.0880 70 70 70 70 3.0 3.0 3.0 8.089 810 70 70 70 70 3.0 3.0 3.0 8.0410 70 60 60 60 4.0 4.0 4.0 8.0800 60 60 60 60 4.0 3.0 3.0 3.030 810 60 50 50 50 4.0 5.0 4.0 4.0450 60 60 60 60 5.0 5.0 5.0 5.0400 60 60 60 60 6.0 5.0 5.0 5.031 110 55 50 55 50 6.0 6.0 6.0 6.0300 85 5 5 10 7.0 7.0 6.0 6.0Apr. 880 15 5 10 10 8.0 8.0 6.0 7.01 300 85 10 10 10 9.0 8.0 8.0 7.0800 80 10 10 10 7.0 7.0 7.0 7.0
Average 888 48 39 46 46
Table 32 .-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS OF AMMONIA NITROGEN, OXYGEN CONSUMED, AND NITRATE AND NITRITE NITROGEN.
(Parts per million) r
Series III
DATE AMMONIA NITROGEN NITRATE AND NITRITE NITROGEN OXYGEN CONSUMED
1917 Sewage Effluents Sewage Effluents Sewage EffluentsApr. A B C D A B C D A B C
2 20 20 19 18 20 4.4 4.0 5.4 5.6 4.6 35 20 17 20 1733 28 28 27 24 4.0 5.6 9.4 7.6 8.4 67 22 14 20 1012 18 15 — 19 7.0 7.0 7.6 — — - 5.6 34 20 18 123 15 13 12 13 13 7.6 6.0 7.4 12.4 8.0 23 22 14 10 1023 23 19 21 19 7.6 3.8 3.8 3.8 5.9 80 16 13 15 719 19 15 18 14 3.8 3.8 2.6 4.2 5.4 28 20 20 13 144 16 16 12 14 25 5.4 5.6 5.4 4.4 5.4 30 17 48 24 2330 19 19 19 19 3.8 3.0 3.2 6.4 5.4 56 18 15 10 1211 11 11 11 11 3.2 2.8 2.4 5.4 4.4 48 17 13 10 175 11 11 11 11 10 3.0 2.8 2.8 6.0 5.8 30 18 17 18 1817 32 14 15 15 3.2 .0 4.6 4.0 7.4 68 23 10 12 310 14 10 10 — 4.4 .0 3.2 6.6 7.0 26 31 13 11 126 12 11 18 11 12 7.2 5.6 4.0 6.0 9.0 63 18 14 12 1514 11 18 15 14 3.4 3.8 4.6 3.8 5.4 34 25 29 23 1710 10 18 14 11 2.4 4.6 4.6 8.5 6.6 70 25 19 18 18
Average 17 17 16 16 16 4.7 3.9 4.7 6.1 6.3 46 21 18 15 14
o>o
Series III
Table 33.-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS
OF TURBIDITY AND THE ACCUMULATION OF SLUDGE.
(Parts per million)
DATE TURBIDITY PER CENT SLUDGE
1917 Sewage Effluents EffluentsApr. A B C D A B C D
2 180 20 15 15 15 9 9 9 8450 20 10 10 10 10 9 9 9270 10 5 — 5 9 9 9 93 100 10 5 5 5 10 10 9 9500 10 5 5 5 12 11 11 9280 10 5 5 5 10 11 10 104 230 10 5 5 5 12 11 10 10800 5 5 5 5 13 12 11 11360 5 5 5 5 12 12 10 105 180 5 5 5 5 12 12 11 11380 5 5 5 5 14 13 12 11150 5 5 5 5 11 11 11 106 80 10 5 5 5 13 13 12 1224^ 5 5 5 5 14 14 12 12550 5 5 5 5 12 11 11 10
317 9 6 6 6Average
8
9
10
11
12
Average
TaBle 34 .-0OMPAKISON OF EFFICIENCY OF METHODS OF AERATION MEASURED IN 
TERMS OF AMMONIA NITROGEN, OXYGEN CONSUMED, AND NITRATE--• AND NITRITE NITROGEN.(Parts per million)
DATE AMMONIA NITROGEN
1917 Sewage EffluentsApr. A B C D
7 14 11 9 8 919
16 11 8
Series III
NITRATE AND NITRITE NITROGEN
Sewage
6 . 04.4
..06.47.06.64.6
6.0
1 . 6  
8 . 0
Effluent s
5.1
OXYGEN CONSUMED 
Sewage EffluentsA B C D A B C D
4.0 5.4 5.6 5.6 32 23 13 16 254.4 4.8 6.4 6.83.6A A 4.6 6.0 8.00 •5.6 5.6 9. £ 9.25.4 5.6 5.4 8.49.2 8.0 9.2 9.21.6 .0 5.2 4.0 5860
30 30 14 28
3.6 2.2
« O 1 
1 • 1 
1 
1 6.0 24 28 26 26
4.9 4.5 5.9 -3 • to 50 26 24 19 26
o>ro
Series III
Table 35 .-COMPARISON OF EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS
OF TURBIDITY AND THE ACCUMULATION OF SLUDGE.
(Parts per million)
DATE TURBIDITY PER CENT SLUDGE
1917 Sewage Effluents EffluentsApr. A B C D A B C D
7 90 10 5 5 5 13 14 13 14360 10 5 5 5 14 14 13 14210 10 5 5 5 12 11 11 118 200 10 5 5 5 13 11 15 14
180 15 10 10 10 12 11 13 119 210 10 5 5 5 14 14 14 14100 10 5 5 5 14 15 15 15160 5 5 5 5 13 16 14 1310 240 5 5 5 5 15 17 15 15160 10 5 5 5 15 16 17 16190 10 5 5 5 15 17 15 1511 200 10 5 5 5 16 18 17 18160 10 5 5 5 17 19 18 17180 10 5 5 5 17 20 17 1712 210 10 5 5 5 18 21 18 17
190 9 5 5 5Average
Series III
Table 36 .-COMPARISON OF EFFICIENCY OF METHODS OF AERATION MEASURED IN
TERMS OF AMMONIA NITROGEN, OXYGEN CONSUMED, AND TURBIDITY.
(Parts per million)
DATE AMMONIA NITROGEN NITRATE AND NITRITE! NITROGEN OXYGEN CONSUMED
1917Apr. Sewage A EffluentsB C D Sewage A EffluentsB C D Sewage A EffluentsB C D
12 _ _ .6 .0 .4 .4 .6 51 32 26 25 1613 — — — -— -— 6014 — — - - -- — -— -  — — -— —15 — — — — — — «■» mm ~ ~ ~ —  ~ _ _ _16 38 40 35 0 0 1.0 1.6 1.0 9.0 15.023 27 25 0 0 .0 .5 .0 7.6 12.017 19 25 27 0 0 .0 .0 .0 8.0 11.626 27 28 0 0 .0 .0 .0 9.0 12.0
iverage 26 30 29 0 0 .3 .4 .3 6.8 10.2 55 32 26 25 16
(Parts per million)
Series III
Table 37.-COMPARISON OP EFFICIENCY OP METHODS OP AERATION MEASURED IN TERMS
OP TURBIDITY AND THE ACCUMULATION OP SLUDGE.
DATS TURBIDITY PER CENT SLUDGE
1917 Sewage Effluents EffluentsAPR. A B C D A B C D
12 180 10 5 5 5 18 21 19 17200 10 10 5 10 22 26 23 2113 300 10 5 5 5 18 21 19 19190 10 5 5 5 20 22 20 19210 10 5 5 5 18 22 18 2014 400 10 5 5 5 20 24 21 19160 5 5 5 5 18 20 20 17130 5 5 5 5 20 26 22 2215 200 5 5 5 5 21 28 22 2380 5 5 5 5 21 22 23 2316 440 5 5 5 5 21 26 23 22
350 5 5 5 5 22 24 24 22180 5 5 5 5 23 32 25 2717 400 5 5 5 5 26 29 25 28290 5 5 5 5 24 28 25 28
Average 248 7 5 5 5
Table 38 .-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS OF AMMONIA NITROGEN, OXYGEN CONSUMED, AND NITRATE'”' • AND NITRITE NITROGEN.(Parts per million)
Series III
DATE AMMONIA NITROGEN NITRATE AND NITRITE NITROGEN
1917 Sewage Effluents Sewage EffluentsApr. A B C D A B c D
17 19 19 19 0 0 .0 .0 .0 10.0 9.618 16 16 16 0 0 .0 .0 .0 10.0 10.419 20 26 0 0 .0 .0 .0 10.4 12.016 18 19 0 0 .0 .0 .0 9.6 10.819 19 18 18 0 0 2.4 .0 .0 10.0 9.820 35 28 .2 0 4.0 .0 .0 24.0 22.019 19 22 .0 .0 .0 .0 .0 9.0 11.020 19 —  — 20 .0 ,0 - - .0 — - 10.030 26 —  — .0 .0 3.6 .0 — 14.0 12.018 16 15 .0 .0 1.0 .0 .0 18.0 20.021 19 15 15 .0 .0 4.0 .0 .0 20.0 22.018 28 19 .0 .0 .0 4.0 .0 28.6 30.020 22 16 .0 .0 .0 .0 .0 24.0 25.222 19 —  — 17 — — .0 1.4 - - .0 - — - 22.4
38 28 28 0 .0 1.0 .0 .0 22.0 29.6
Average 21 21 21 .0 .0 1.2 0.3 .0 15.0 16.9
OXYGEN CONSUMED 
Sewage
A
Effluents
B C D
o>CT>
Table 39.-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS
OF TURBIDITY AND THE ACCUMULATION OF SLUDGE.
(Parts per million) 
Series III
DATE TURBIDITY PER CENT SLUDGE
1917 Sewage Effluents EffluentsApr. A B c D A B C D
17 290 5 5 5 5 25 31 26 3018 180 5 5 5 5 24 27 26 27400 5 5 5 5550 5 5 5 5 26 35 34 2119 220 5 5 5 5 26 33 29 29440 5 5 5 5 29 35 32 29270 5 5 5 5 31 35 35 35
20 300 _ 5 — 5 44 36 35 35350 5 mm 5 5 35 — 38 35230 5 5 5 5 40 22 42 3621 140 5 5 5 5 40 24 35 34550 5 5 5 5 24 18 31 27370 5 5 5 5 29 24 35 3822 120 5 5 5 5 24 23 31 33180 5 5 5 5 32 20 33 30
306 5 5 5 5Average
Table 40. -COMPARISON OF EFFICIENCY OF METHODS OF AERATION MEASURED INTERMS OF AMMONIA NITROGEN AND NITRITE , OXYGEN CONSUMED, AND NITRATE, NITROGEN.(Parts per million/
Series III
DATE AMMONIA NITROGEN NITRATE AND NITRITE! NITROGEN OXYGEN <30NSUMED
1917 Sewage Effluents Sewage Effluents Sewage EffluentsApr. A B 0 D A B C D A B C D !
23 33 28 28 0 0 .0 .0 .0 30.0 30.038 38 28 3 0 .4 .0 .0 28.0 29.019 22 27 0 0 .0 .0 .0 24.0 22.024 27 25 23 0 0 2.4 .0 .0 20.0 20.038 30 30 0 0 1.8 .0 .0 44.0 42.020 20 19 0 0 .0 .0 1.6 16.0 35.025 19 18 17 0 0 2.0 .0 .0 18.0 19.027 26 25 0 0 1.6 2.4 .0 28.0 24.020 25 19 0 0 .0 .0 .0 19.0 21.026 22 22 22 0 0 .0 .0 .0 18.0 16.033 26 27 0 0 0.8 .0 .0 30.4 22.419 19 20 0 0 .0 .0 .0 22.6 22.227 20 19 19 0 0 1.2 .0 .0 24.0 20.825 24 24 0 0 2.4 .0 .0 32.4 32.816 13 15 0 0 2.2 .0 .0 30.0 33.0
*
Average 25 24 23 0 0 1.0 0.2 0.1 25.8 26.0
<Z>
(Pacts per million)
Series III
TURBIDITT
Table 4 1 . -COM PARISON OP E F F IC IE N C Y  OP METHODS OP AERATION IN  TERMS OP
TURBIDITY AND THE ACCUMULATION OP SLUDGE.
DATE
1917 Sewage Effluents
PER CENT SLUDGE 
EffluentsApr. A B C D A B C D
23 130 5 5 5 5 46 29 40 41400 5 5 5 5 39 34 44 43280 5 5 5 5 34 25 42 3224 190 5 5 5 5 56 35 54 61500 5 5 5 5 51 48 40 45220 5 5 5 5 38 30 33 3025 180 5 5 5 5 56 48 50 58490 5 5 5 5 45 40 40 50280 5 5 5 5 29 29 40 2826 170 5 5 5 5 51 38 47 48550 5 5 5 5 32 32 44 36260 5 5 5 5 29 28 38 3327 150 5 5 5 5 32 31 42 39470 5 5 5 5 38 37 41 39370 5 5 5 5 27 26 30 26
309Average
Table 42 .-COMPARISON OP EFFICIENCY OF METHODS OF AERATION MEASURED IN TERMS OF AMMONIA NITROGEN, OXYGEN CONSUMED, AND TITRATE " ' • AND NITRITE NITROGEN.(parts per million)
Series III
DATE AMMONIA NITROGEN NITRATE AND NITRITE NITROGEN
1917 Sewage Effluents Sewage EffluentsApr. A B C D A B C D
26 20 15 18 0 0 4.6 1.6 .0 28.4 32.027 19 22 0 0 6.0 .0 .0 32.0 30.613 18 14 0 0 2.4 .0 .0 20.0 20.029 16 16 16 0 0 6.0 .0 .0 16.0 18.028 24 26 0 0 5.4 .0 .0 24.0 23.2
30 28 26 23 0 0 2.6 .0 .0 22.0 24.0
Average 22 20 20 0 0 4.5 .3 .0 23.8 24.7
OXYGEN CON3 UMED
Sewage Effluents A B C D
•>3O
Table 43.-COMPARISON OP EFFICIENCY OF METHODS OF AERATION IN TERMS OFTURBIDITT AND THE ACCUMULATION OF SLUDGE.
(Parts per million)
Series III
TURBIDITYDATE
1917 SewageApr.
28 16038032029 200360
30 190
Effluent 8
PER CENT SLUDGE 
Effluents
A B C D A B C D
5 5 5 5 35 33 36 335 5 5 5 25 25 25 255 5 5 5 22 21 25 235 5 5 5 24 24 27 255 5 5 5 24 20 25 24
5 5 5 5 25 23 26 27
5 5 5 5Average 268
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In the first series of tests only the perforated 
pipes and the Piltros plates were used. The experiment started 
with no sludge present and the series continued 15 days. 
Summaries of the analytical results on Series I are given in 
Tables 1 and 2. The average purification measured in terms of 
removal of turbidity, removal of oxygen-consuming capacity, 
and the production of nitrate nitrogen was greatest in the 
tank with the coarser Piltros plates, next in the tank with 
finer Piltros plates, and least in the tank with perforated 
pipes. Measured in terms of reduction of ammonia nitrogen and 
sludge accumulation the order was reversed. About 1 9 ’$ 0 0 0  
gallons of sewage were treated in each tank with an average of 
2.5 cubic feet of free air per gallon. A summary of operating 
results is given in Table 7.
In the second series of tests all four tanks 
were in operation. The experiment was again started without 
activated sludge and was continued 20 days. Tables 3 and 4 
give summaries of the analytical data secured in Series II. 
Measured in terms of removal of turbidity, removal of oxygen- 
donsuming capacity, production of nitrate nitrogen and 
accumulation of sludge the tanks containing Piltros plates 
gave the best results, the tank with wooden blocks the next, 
and the tank with perforated pipes the poorest. Measured in 
removal of ammonia nitrogen the tank with the perforated pipes 
was the best. About 17,000 gallons of sewage were treated with
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an average of L.8 cubic feet of free air per gallon. The 
operating results of this series are summarized in Table 8.
The third series of tests, which lasted 35 days 
was the most satisfactory. There was no sludge present at the 
beginning of this series. No accurate comparison of the sludge 
accumulation at the end of the series could be made for owing 
to the length of the run the excess of accumulated sludge was 
allowed to be wasted at times. The sludge in the tanks with 
Filtros plates gave the best settling, and at the end of the 
series the sludge below the outlet had a specific gravity of 
1.013 and 1.022 compared with 1.006 for that in the other tanks. 
Measured in terms of removal of ammonia nitrogen and in produc­
tion of nitrate nitrogen, the tanks with Filtros plates were 
decidedly superior. Ammonia nitrogen was entirely removed in 
the tanks with Filtros plates after 17 days. Owing to rain, 
nitrate nitrogen was present in the raw sewage during the 
early part of the series, and continued to increase in the 
tanks containing Filtros plates reaching about 25 parts per 
million. Practically all of the nitrate nitrogen disappeared 
from the other tanks.
The poor results from the tank with wooden 
blocks were probably caused by the development of a hole which 
prevented the formation of finely divided bubbles. The stability 
to methylene blue was tested on and after the eleventh day.
All effluents from the tanks containing Filtros plates were 
stable for 10 days at 20°C. The majority of the effluents
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from the other tanks were unstable. Nearly 30,000 gallons of 
sewage were treated In each tank with 3.2 cubic feet of free 
air per gallon. A summary of operating data is given in 
Table 9.
SUMMARY OF RESULTS
The results obtained from these comparative 
tests indicate the superiority of Filtros plates as air diffusers 
in the process over perforated pipes such as were used in our 
tests under the conditions maintained. The wooden blocks were 
difficult to handle although this was caused probably in 
part by the faulty design of our container. Undoubtedly trouble 
would be experienced in placing and using them on working-scale 
installations. Even at the end of the short period in which 
they were in service they showed evidence of considerable deter­
ioration and it does not seem likely that they would give good 
service over long periods of use. Contrary to expectation 
and to suggestions that had been received from Milwaukee, no 
extra effort was required to keep the sewage agitated or to 
prevent sludge ffom settling onto the diffusers when wooden- 
block aerators were used. Similar results might not have been 
secured, of course, with the blocks installed in tanks of 
larger dimensions. The perforated pipes showed little tendency 
to become clogged during the time they were in service.
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CONCLUSIONS
The results of this investigation justified the 
following conclusions:
1. Filtros plates proved the most efficient 
of the three types of diffusers, as evidenced by the analytical 
data. They gave sludge that settled rapidly leaving clear 
and stable effluents.
£. The degree of porosity of the Piltros plates 
had no apparent significance for the coarse and the fine grades 
of plates gave practically the same results.
3. The wooden-block diffusers gave unstable 
effluents in the majority of the samples, and the chemical 
results were not as satisfactory with these effluents as 
with those from the Piltros plates.
4. The v/ooden blocks were very difficult to 
install and even in the short time they were in service they 
showed evidence of marked deterioration. Until these defects 
can be remedied their installation in working-scale plants
is impracticable.
5. The perforated pipes gave the least satis­
factory chemical results. The majority of the effluents were 
unstable.
5. Clogging of the diffusers during the period 
covered by these experiments was not sufficient to have practical 
significance.
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